Suicide is major public health concern; one million individuals worldwide die by suicide each year of which there are many more attempts. Thus, it is imperative that robust and reliable indicators, or biomarkers, of suicide risk be identified so that individuals at risk can be identified and provided appropriate interventions as quickly as possible. Previous work has revealed a relationship between low levels of circulating cholesterol and suicide risk, implicating cholesterol level as one such potential biomarker, but the factors underlying this relationship remain unknown. In the present study, we applied a combination of bivariate polygenic and coefficient-of-relatedness analysis, followed by mediation analysis, in a large sample of Mexican-American individuals from extended pedigrees [N = 1897; 96 pedigrees (average size = 19.17 individuals, range = 2-189) 60% female; mean age = 42.58 years, range = 18-97 years, sd = 15.75 years] with no exclusion criteria for any given psychiatric disorder. We observed that total esterified cholesterol measured at the time of psychiatric assessment shared a significant genetic overlap with risk for suicide attempt (ρ g = −0.64, p = 1.24 × 10 −04 ). We also found that total unesterified cholesterol measured around 20 years prior to assessment varied as a function of genetic proximity to an affected individual (h 2 = 0.21, se = 0.10, p = 8.73 × 10 −04 ; β suicide = −0.70, se = 0.25, p = 8.90 × 10 −03 ). Finally, we found that the relationship between total unesterified cholesterol and suicide risk was significantly mediated by ABCA-1-specific cholesterol efflux capacity (β suicide-efflux = −0.45, p = 0.039; β efflux-cholexterol = −0.34, p < 0.0001; β indirect = −0.15, p = 0.044). These findings suggest that the relatively well-delineated process of cholesterol metabolism and associated molecular pathways will be informative for understanding the neurobiological underpinnings of risk for suicide attempt.
INTRODUCTION
Interest in cholesterol as a biomarker for suicide has been growing since the early 1990s when a meta-analysis of randomized primary prevention trials of statins (cholesterol-lowering drugs) indicated that while drug administration resulted in the expected reduction of risk of death by coronary events, it also increased risk of death by suicide [1] . Unsurprisingly, given the major impact of suicide on public health, this initial observation brought about many studies focused on the potential of cholesterol as a biological risk factor, or biomarker, for suicide [2] . Suicide is a major public health concern; one million individuals worldwide die by suicide each year [3] , and there are many more attempts. Suicide accounts for 1-2% of global deaths and ranks 17th in terms of leading causes of mortality [4] . The identification of one or more unbiased and robust biomarkers for suicide will enable enhanced risk prediction so that suicidal patients can be identified prior to attempt [5] . While the potential of peripherally measured cholesterol as a biomarker for suicide risk is great, few studies have attempted to address the mechanism underpinning the overlap between cholesterol and suicide, a mechanism that might be exploited to inform risk prediction and, ultimately, prevention. A first step in investigating the mechanistic underpinnings of this relationship is to evaluate (a) the extent to which the two phenotypes (i.e., plasma cholesterol and attempted suicide) are influenced by the same genes (and by extension a shared neurobiology) and (b) the potential role of key processes in cholesterol production pathways.
A biomarker is an objective indicator of the presence of a disease arising from pathogenic biologic processes; this is distinct from a symptom, which is an indicator of illness perceived by the patient [6] . Currently available methods of assessment for suicidality are entirely symptom-based (i.e., asking the person in question whether they feel suicidal). This is an inherently flawed approach because the person may not wish to disclose their suicidal ideation for fear of prevention, or they might impulsively change their mind at a later date [7] . Standard clinical and demographic measures perform only slightly better than chance for suicide risk prediction [8] . Developing objective and reliable indicators of suicide risk, or biomarkers, would help to circumvent this problem. Therefore, in the present study we aimed to evaluate the extent of the genetic overlap between suicide attempt and cholesterol.
There is a sizeable literature focused on the relationship between suicide and low cholesterol. Several syntheses of the literature have been performed via meta-analysis. Heterogeneity between studies focused on cholesterol in individuals exhibiting suicidal behavior has made synthesis of this work challenging; different studies tend to use different methods of assessment resulting in disparate phenotypes (e.g., suicidal tendencies, ideation, attempt, and completion). Nonetheless the most recent meta-analysis demonstrated a robust effect across 65 studies (comprising upward of 500,000 participants), showing that suicidal patients have lower total cholesterol levels, measured in the periphery, than non-suicidal controls and that lower total cholesterol was associated with a 112% higher risk of suicidality [9] .
The level of cholesterol in peripheral tissues is determined, at least in part, by reverse cholesterol transport, an active transport pathway that is essential to returning excess cholesterol in peripheral tissues to the liver for excretion. Reverse cholesterol transport is crucial to the maintenance of cholesterol homeostasis in peripheral tissues because these tissues cannot catabolize cholesterol [10] . Briefly (also see Fig. 1 ), free, or unesterified, cholesterol is effluxed from the peripheral cells and is esterified by the enzyme lecithin:cholesterol acyl-transferase (LCAT) in the form of mature HDL (HDL 2 ) particles. HDL may then be delivered to the liver for excretion via HDL-specific scavenger receptors or exchanged for low-density lipoproteins (LDL or VLDL) [11] . Alterations in one or more steps in this pathway might mediate any existing relationship between cholesterol and suicide risk. For example, cholesterol efflux capacity, reflected by the levels of cholesterol (unesterified or esterified or the ratio of the two) in circulation is inversely associated with risk for cardiovascular events [12] . It is conceivable that the opposite might be true for suicide risk where overactive efflux might be one of multiple factors that adversely affect cholesterol levels resulting in increased risk for suicidal behavior.
We report data from a large sample of extended pedigrees for whom we have a suicide risk assessment as well as cholesterol data from two points in time. The existence of two time points for the cholesterol data enables us to make inferences about the role of confounding environmental factors, for example, diet. While we carefully control for BMI measured at both time points in all our analyses, this does not explicitly rule out the possible influence of diet (given that BMI is an imperfect proxy for adiposity [13] ). However, the measurement of cholesterol years prior to psychiatric assessment is conceivably less susceptible to the effects of such environmental factors. Thus, we apply a combination of bivariate polygenic and coefficient-of-relatedness analysis followed by simple mediation analysis. The aims of the study were two-fold: (a) to establish the extent to which cholesterol levels (both unesterified and esterified) measured in plasma shared genetic overlap with risk for suicide attempt; and (b) the extent to which cholesterol efflux capacity of LCAT may have mediated the relationship between cholesterol and suicide attempt. The present study is, to the best of our knowledge, the first to evaluate the extent to which cholesterol is an endophenotype of suicide attempt while at the same time evaluating potentially mediating factors that contribute to the process of reverse cholesterol transport.
METHODS

Participants
Data for the present study comprise two separate phases of data collection from the same individuals taken from a large extendedpedigree study comprising a total of 1897 individuals from 96 pedigrees [mean size = 19.17 individuals (sd = 19.06), range = 2-189; 60% female; mean age = 42.58 years, range = 18-97 years, sd = 15.75 years]. The two phases of data collection were a result of two studies conducted in this cohort on overlapping individuals, now collectively termed the San Antonio Family Studies (SAFS). The first is the Genetics of Brain Structure and Function Study (GOBS). GOBS participants were unselected for any given psychiatric disorder and were not excluded based on any current or lifetime psychiatric illness. Psychiatric assessment data were available for the entire sample (N = 1897) and esterified cholesterol (EC) panel data were available for a subset of those individuals (N = 1034; 57% female; mean age = 36.54 years, sd = 14.77 years, range = 18-81 years). The second sample, which overlaps with GOBS (total overlapping N = 604), is the San Antonio Family Heart Study (SAFHS; for recruitment details, see [14] ) for whom plasma unesterified, or free, cholesterol (UC), LCAT, and cholesterol efflux were available (65% female; mean age = 34.95 years, sd = 13.10 years, range = 16-81 years).
GOBS data collection occurred between 2006 and 2016. GOBS subjects had previously participated in SAFHS or were blood relatives of individuals who had participated in this family study. SAFHS is an ongoing longitudinal observational study comprising four phases of data collection during a 23-year period. Data used in the present study were collected during the first phase of SAFHS, between the years 1992-1996. Whether recruited as part of GOBS or SAFHS, all participants were randomly selected from the community with the constraints that they were of Fig. 1 Unesterified, or free, cholesterol (COH) from non-hepatic peripheral tissue is transferred, or effluxed, to esterified cholesterol, HDL, via the ABCA1 (ATP-binding cassette transporter) with apoA-I (the principal protein of HDL) as the acceptor. The presence of apoA-I activates LCAT, which esterifies free cholesterol on the surface of apoA-I to generate mature HDL particles. HDL can then transport the cholesterol to the liver for excretion via SR-B1 receptors or it can transfer cholesterol to VLDL or LDL, a process facilitated by CETP (cholesterolester transfer protein). LDL may be taken up by the liver via the LDL receptor (LDLR) while the remainder is taken up by extrahepatic tissues; slowing of LDLR activity results in an increase in plasma LDL levels [10] . Alterations in this process would have implications for the total amount of cholesterol available in blood and may be mechanistically relevant to the link between reduced cholesterol and suicidality, one which might be leveraged for risk prediction and diagnosis and ultimately treatment Disentangling the genetic overlap between cholesterol and suicide risk EEM Knowles et al.
Mexican-American ancestry, part of a large family, and lived in the San Antonio region. All participants provided written informed consent in compliance with the Institutional Review Board at the University of Texas Health Science Center at San Antonio.
GOBS: psychiatric assessment During the GOBS assessment participants completed the semistructured Mini-International Neuropsychiatric Interview (MINI; [15] ). Interviews were conducted by masters-level and doctorate-level research staff who had established reliability for conducting suicide risk assessment (κ ≥ 0.85). Subjects who reported possible pathology were discussed in case conference meetings with licensed psychologists and/or psychiatrists. Consensus diagnoses were determined using available medical records, the MINI, and the interviewer's narrative. Suicidality was assessed in Section C of the MINI. This assessment included item C6, the primary index of suicide for the present study, which asks, "Did you ever make a suicide attempt?". Our index is therefore a dichotomous trait where a score of 1 indicates that the participant answered yes and 0 indicates that they answered no. The MINI also includes a section on current suicidality (items C1-C5) asking whether in the past month the participant (C1) thought they would be better off dead; (C2) wished that they were dead; (C3) wanted to harm themselves; (C4) thought about suicide; or (C5) had a suicide plan. These items were collapsed to give a categorical index of current suicidality where a score of 1 indicates that any item between C1-C5 was endorsed and a score of 0 indicated that none of these items were endorsed. The presence of any major depressive or anxiety disorder, as well as alcohol and substance use disorders, were also evaluated as part of the MINI assessment.
GOBS EC measurements GOBS participants completed a fasting venipuncture for the measurement of lipids, completed on the same day as the MINI assessment. Blood was drawn after a 12-h fast. A lipid panel was performed on the plasma samples at an accredited clinical diagnostic laboratory (LabCorp Inc., Burlington, North Carolina). The cholesterol panel included multiple indices of EC, including total EC, LDL and VLDL cholesterol, and high-density cholesterol (HDL), plus triglycerides. Additionally, BMI and current prescriptions for medications linked to metabolic status (lipid, diabetes, and blood pressure medications) were collected. SAFHS UC, cholesterol efflux, and LCAT measurements The lipid extraction procedure used in this sample has been described in detail elsewhere [16] and is outlined in the Supplemental Materials. Measures of BMI and prescription status for medications linked to metabolic status were collected at this time point. Measures of plasma-based cholesterol efflux capacity (non-ABCA1 and ABCA-1-specific) and LCAT levels were measured in serum at the same timepoint, details can be found in the Supplemental Materials.
Data analysis
Quantitative genetic analysis. All genetic analyses were performed in SOLAR [17] . The maximum-likelihood variance decomposition approach implemented in SOLAR has been described elsewhere [18] and is outlined in the Supplemental Materials. We first estimated the heritability of all traits. All continuous traits (EC measures, UC, efflux measurements, and LCAT) were normalized using an inverse Gaussian transformation. Continuous traits were residualized for age, age 2 , sex, and their interactions plus BMI from the relevant time point and medication status (for blood cholesterol, diabetes, and blood pressure). For the dichotomous traits (suicide attempt and current suicidal ideation) age, age 2 , sex, and their interactions were included as covariates in the univariate polygenic model. Bivariate polygenic analysis was applied to the residualized EC measures and suicide attempt in order to examine the extent to which the trait pairs were influenced by shared genetic effects. Age, age 2 , sex, and their interactions were included as covariates for suicide attempt. Parameter estimates from the bivariate analyses were used to calculate endophenotype ranking values (ERVs) for each suicide/cholesterol pairing. We ran the bivariate polygenic models with and without potentially confounding traits as covariates including: psychiatric medication status (including antidepressants, anxiolytics, mood stabilizers, and antipsychotics), any major depressive disorder, any anxiety disorder, and lifetime substance and alcohol dependence disorders.
ERV calculation. The ERV is simply an effect size bounded between 0 and 1, and reflects the degree of genetic overlap between two traits and can be calculated using the parameter estimates from bivariate polygenic analyses (described above). It is useful for prioritizing phenotypes in terms of their shared genetic overlap with a disease of interest. The ERV statistic has been described in detail elsewhere [18] , also see Supplemental Materials. In the present study we ranked the EC phenotypes by their genetic overlap with lifetime suicide attempt.
Mean-based ERV (mERV) calculation. The mERV is an extension of the ERV to be used when the disease of interest is not sufficiently common among the sampled individuals. In the larger GOBS sample there was a sufficient number of suicide attempt cases for h 2 to be estimated, but in the subset of individuals who also participated in SAFHS (who also had UC, LCAT, and efflux data) there were not; thus, we applied a mERV analysis. For details on the derivation of the mERV, see Glahn et al. [19, 20] and the Supplemental Materials. In the present study, the mERV was applied to a single trait pairing, suicide attempt, and UC.
Mediation analysis: mediating role of efflux and LCAT on the relationship between UC and suicide risk. We performed mediation analysis in MPlus [21] to determine whether the association between genetic liability for suicide attempt (indexed by the coefficient of relationship scalar, see above) and UC was mediated by cholesterol efflux or LCAT. This analysis was applied to the residuals from the univariate genetic analysis (where the effects of age, sex, and where appropriate, BMI and medication status were covaried). Family structure was taken into account using the cluster command. For each potential mediator, we constructed three models. The first posited a direct relationship between the independent variable genetic liability for suicide attempt and the dependent variable UC. In the second model, the relationship between genetic liability for suicide attempt and UC and was partially mediated by efflux or LCAT. In the third model, the relationship was fully mediated (Table 1) .
RESULTS
Heritability of risk for lifetime suicide attempt and current suicidal ideation One hundred and fifty seven individuals had attempted suicide at the time of assessment and 135 individuals endorsed some level of current suicidal ideation (at least one item between C1 and C5 was endorsed). Of the 157 individuals who had attempted suicide, 45 were currently showing some level of current suicidal ideation and less than half (N = 54) met criteria for any major depressive disorder (including current, past, lifetime, or recurrent; Table 2 . The top-ranked cholesterol phenotype for genetic overlap with lifetime suicide attempt was total EC, which was the sum of LDL, VLDL, and HDL cholesterol (ERV = 0.29). The corresponding genetic correlation was statistically significant (ρ g = −0.63, p = 1.67 × 10 −04 ). The second-ranked cholesterol phenotype was LDL cholesterol (ERV = 0.23) and the corresponding genetic correlation was statistically significant (ρ g = −0.44, p = 7.22 × 10 −03 ) after applying Bonferroni correction for the five tests (α = 0.01). Neither total cholesterol (ρ g = −0.32, p = 0.08) nor LDL cholesterol (ρ g = −0.32, p = 0.08) exhibited significant genetic correlation with current suicidality. Only the HDL cholesterol phenotype exhibited near zero standardized genetic covariance (ERV = 0.04) with suicide attempt.
Given that there is substantial overlap between those individuals who have attempted suicide and those who have been diagnosed with a major depressive disorder, it is possible that depression confounds the interpretation of our findings.
Despite the fact that the inclusion of any major depressive disorder as a covariate could conceivably remove variance in which we are interested (since it can be difficult to disentangle suicide from depressive symptomatology), we re-ran the models including diagnosis of any major depressive disorder as a covariate. Given the link between suicidality and addiction, we also included lifetime alcohol (N = 403, of which 65 had attempted suicide), and substance dependence disorders (N = 187, of which 41 had attempted suicide) as covariates in this secondary analysis. When these covariates were included in the bivariate polygenic models, the genetic correlation between suicide attempt and total EC (ρ g = −0.72, se = 0.29, p = 8.98 × 10 −03 ) remained significant, while the genetic correlation between LDL cholesterol and suicide (ρ g = −0.40, se = 0.19, p = 0.03) attained a nominal level of significance, but did not withstand multiple testing correction. Failure to appropriately account for medication usage can impact genetic analysis [22] . In the present study, we residualized the cholesterol phenotypes for medications linked to metabolic status including statins; however, the results are extremely similar if these medications are not included in the analysis (Table S1 ). It is possible that psychiatric medications might also have metabolic effects. Therefore, we re-ran the bivariate polygenic model of suicide attempt risk and EC while including dummy coded antidepressant (186 individuals prescribed antidepressants, 31 had attempted suicide), anxiolytic (68 individuals, 16 had attempted suicide), mood stabilizer (14 individuals, 4 had attempted suicide), or antipsychotic medications (18 individuals, 8 had attempted suicide); the genetic correlation was similar and remained significant (ρ g = −0.69, se = 0.23, p = 2.21 × 10 −03 ).
Relationship between UC and lifetime suicide attempt risk In the subsample of individuals with UC measurements, 51 had attempted suicide; this subsample was underpowered to detect heritability of risk for lifetime suicide attempt relative to the complete sample (h 2 = 0.29, se = 0.14, p = 0.07). However, there were 354 individuals who were related to a case (1st degree = 120, 2nd degree = 88, 3rd degree = 72, 4th degree = 58, 5th degree = 13, 6th degree = 3) plus 199 individuals who were unrelated (total N = 553). Therefore, we opted to conduct a mERV [19, 20] or coefficient-of-relatedness approach for this section of the analysis. UC, collected~20 years prior to psychiatric assessment, was significantly heritable (h 2 = 0.21, se = 0.10, p = 8.56 × 10 −04 ); and its level varied as a function of genetic proximity to an individual who had attempted suicide at the time of psychiatric assessment (β suicide = −0.70, se = 0.25, p = 8.90 × 10 −03 ; Fig. 2b ). This result for UC and risk for suicide attempt is in line with the result for EC and risk for suicide attempt, where EC was collected at the time of psychiatric assessment. The parallel in these findings suggests that the relationship between EC and risk for suicide attempt is less likely to have arisen as a consequence of an environmental confound, such as diet.
The same analysis run with a UC phenotype where medications relating to metabolic status including statins were not included as covariates capacity and LCAT. Figure 3 summarizes the results of the mediation analysis. A direct model (Fig. 3a) indicated a strong effect of genetic risk for suicide attempt (indexed by the mERV scalar) on UC. For efflux, a model with partial mediation (Fig. 3b) indicated a significant indirect effect of suicide risk on UC via efflux as well as a significant direct effect of suicide risk on UC. A model with full mediation supported an indirect effect of suicide risk on UC via efflux (Fig. 3c) . These results suggest strong partial, if not full, mediation of the relationship between suicide risk and UC by ABCA-1-specific efflux capacity. For LCAT, a model with both partial mediation (Fig. 3d ) and full mediation (Fig. 3e) indicated minimal relationship between suicide risk and LCAT level and a non-significant indirect effect of suicide risk on UC via LCAT. These results suggest that LCAT does not mediate the relationship between suicide attempt risk and UC.
DISCUSSION
The results of the present study suggest that there is shared genetic influence between total EC and UC and risk for suicide attempt. Total EC, measured at the time of suicide assessment, was genetically correlated with suicide attempts share a substantial and significant genetic correlation. Total UC, measured around 20 years prior to suicide assessment, varied as a function of genetic proximity to an individual who had attempted suicide in their lifetime. The latter relationship was significantly mediated by cholesterol efflux capacity. These findings are important because they suggest that the relatively well-delineated process of cholesterol metabolism and the associated molecular pathways might be informative for understanding the neurobiological underpinnings of risk for suicide attempt. The cholesterol data in the present study comprised two different types of cholesterol (EC and UC), derived using two different methods, and collected at two different points in time. Both exhibited genetic overlap with risk for suicide attempt. The reverse cholesterol transport pathway oversees the return of excess cholesterol in peripheral tissues to the liver for excretion (Fig. 1) . This process is of great interest in atherosclerosis (weakening and narrowing of arteries caused by fatty buildup in the arterial wall) research, as it is thought to offer protection from the progression of atherosclerotic vascular disease [23] . In the present study, total UC varied as a function of genetic proximity to an individual who had attempted suicide in their lifetime and cholesterol efflux capacity (but not LCAT) mediated the relationship between total UC and suicide attempt risk. Affected individuals-that is, those individuals who endorsed having attempted suicide in their lifetime-were not included in this analysis. Figure 3c shows total efflux capacity across groups of genetic proximity including affected individuals. Intriguingly, unaffected individuals more closely related to an individual who had attempted suicide exhibited lower cholesterol efflux capacity, while suicide attempters exhibited higher efflux capacity than even unrelated unaffected individuals. A tentative conclusion from these findings is that increased efflux capacity is a risk factor for suicide attempt while lowered efflux may be protective to those genetically predisposed to suicidal behavior. At the very least, this generates a testable hypothesis for future work focused on key players in reverse cholesterol transport in the etiology of suicide attempt. Several feasible mechanisms for neurobiological links between suicide and cholesterol have been proposed in the literature, including the cholesterol-serotonin hypothesis. This hypothesis states that low levels of cholesterol adversely affect serotoninergic activity; more specifically, cholesterol reduction is thought to give rise to changes in the structure and function of cell membranes in the central nervous system which directly influence the affinity and structure of serotonin receptors and transporters [24] . This decrease in serotoninergic activity is ostensibly linked to a reduction in the ability to suppress impulsivity [25] . Impulsivity, defined as the initiation of risky behavior without adequate appraisal of possible adverse consequences [26] , makes up an essential feature of at least some aggressive [27] and suicidal behaviors [28] . In particular, it has been argued that low cholesterol appears to be particularly strongly associated with violent rather than non-violent suicide [29, 30] . This further underlines the potential interplay of cholesterol and impulsivity, perhaps within the context of serotoninergic activity. Future work might focus on assessing cholesterol in concert with indicators of serotoninergic activity, the relationship those biologic measures have with indices of impulsivity, brain regions thought to underlie impulsive behavior (e.g., response inhibition and the inferior frontal gyrus [31] ), the ways in which brain activity relates to suicidal behavior.
The present study focused on the presence or absence of a lifetime non-fatal suicide attempt. However, suicidal behavior is on a spectrum where ideation can range from fleeting thoughts of not caring if one lives or dies to highly persistent and obtrusive thoughts about killing oneself with a well thought out and lethal method with the spectrum ending at suicide completion [32] . Low cholesterol has been consistently associated with increased risk for suicide [33] [34] [35] [36] [37] [38] [39] [40] [41] . Numerous genome-wide association studies of suicidal behavior have been carried out, and the results have been largely inconsistent [42] . However, one such study identified a region on 2p25 that influences risk for attempted suicide and contains the ACP1 gene [43] , an association that has since been replicated [44] . Interestingly, polymorphisms in ACP1 have been found to modulate both protection and predisposition to dyslpipidemia (elevation of circulating cholesterol levels) that is associated with obesity [45] . The role of this gene in relation to cholesterol metabolism and transport, particularly within the context of the spectrum of suicidal behavior, could be the focus of future work.
Because the data in the present manuscript are observational, this study is best described as correlational, and as such it does not allow us to make causal inferences about the impact of lowered cholesterol on risk for suicide. Future work of a longitudinal design would allow this relationship to be better examined and for directional inferences to be made. Work is ongoing to improve the ways in which suicidality is assessed using sophisticated and elegant adaptive procedures that capture realtime fluctuations suicidal ideation [46] . Future work should focus on repeated assessments of suicidality in tandem with repeated assessment of cholesterol in an effort to ascertain the extent to which one varies as a function of the other. Taking together this information, including both deep phenotypes and blood-based biomarkers, it might be possible to build testable machine learning-based risk algorithms [8] . To this end, researchers in the field are using powerful longitudinal datasets in order to identify blood biomarkers, combined with clinical information gathered electronically, suicidality across psychiatric diagnoses [47, 48] . The results of the present manuscript suggest that blood-based measures related to the process of reverse cholesterol transport might be incorporated into such efforts.
In the present study, we carefully considered the effect of numerous potential confounds on the relationship between risk for suicide attempt and cholesterol. More specifically, we controlled the effects of sex and age, of BMI measured at the two time points of cholesterol measurement, as well as medications linked to metabolic status, and medications linked to psychiatric disorders, as well as the presence of a diagnosis of major depression, anxiety, and substance or alcohol dependence. However, it was unfortunately not possible to explicitly assess the role of dietary factors on the relationship between cholesterol and risk for suicide attempt. While there has been little research on the link between diet and/or exercise and suicide risk [49] , it is conceivable that they may be correlated. Though it should be noted that most methods of dietary assessment are, for the most part, not validated and subject to issues of measurement error and thus reliability [50, 51] , this includes food frequency questionnaires, food diaries, and 24 h dietary recall, where the latter (and likely the former) are biased by subject underreporting [52] . While we cannot rule out the influence of diet on the present results, three observations suggest that this influence was small. First, we controlled for BMI-in lieu of information pertaining to diet. However, BMI is an imperfect proxy for adiposity; it cannot differentiate between muscle and fat [13] . Second, the measurement of UC 20 years prior to psychiatric assessment, a measure that is less susceptible to confounding by diet, also showed significant correlation with risk for suicide attempt. Third, the present study used an extended pedigree design. It is a widely held view among genetics researchers that one of the benefits of extended pedigrees relative to smaller families is that there is reduced confounding of genetic and shared environmental effects because family members are usually distributed across multiple households [53] . Diet is an example of a shared environmental factor that might be considered strongly tied to household. In the present study, some of the pedigrees were very large: the largest family comprises 189 individuals. Thus, according to the conventional wisdom of genetics research, genetic correlations between cholesterol and suicide risk should have been only modestly influenced by shared environmental effects, including diet.
The extended pedigrees in the present study are of MexicanAmerican ancestry and it is possible that the genetic overlap that we have observed between risk for suicide attempt and UC and EC are population specific. Previous research suggests that MexicanAmericans born in the United States are at higher risk for suiciderelated outcomes than Mexican-Americans born in Mexico, and also higher in Mexican-Americans born in the United States compared to non-Hispanic whites [54] [55] [56] [57] . Moreover, it has been shown that Mexican-American individuals have a high prevalence of high cholesterol, which is coupled with substantially lower rates of screening, awareness, and treatment compared to non-Hispanic whites [58] . It should be noted that in the present study that lowered, not increased, cholesterol levels are associated with risk for suicide attempt. Nonetheless, subsequent work should focus on replicating these results in other ethnicities.
A potential limitation of the present study, and indeed the majority of work in this area, is that it has focused on cholesterol levels measured in the periphery [16] . This is somewhat unavoidable given the inaccessibility of the human brain for direct measurement of cholesterol. Nonetheless, the relevance of these findings to the brain is of interest to the field of psychiatry whose focus is brain-based disorders. Future work might attempt to index metabolites of brain cholesterol metabolism that are measurable in blood [59] .
In summary, the present study is, to the best of our knowledge, the first to demonstrate shared genetic influences on cholesterol and risk for suicide attempt, and the potentially mediating influence of cholesterol efflux on the interplay between the two. It highlights circulating cholesterol as a potential biomarker of suicide attempt risk and underscores the utility of cholesterol and cholesterol metabolism pathways as potentially rewarding avenues of research for suicide risk. Going further, the present study generates specific tentative but testable hypotheses regarding the role of cholesterol efflux and associated molecular pathways in suicide risk prevention. 
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